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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a YSZ plasma spray coating method to 
obtain YSZ(yttria- stabilized zirconia) sprayed coating high in adhesive strength 
and bending strength, furthermore low in a Young's modulus and excellent in 
thermal impact resistance. 

SOLUTION: This plasma spray coating method to obtain yttria-stabilized zirconia 
sprayed coating is the one in which, on a base metal, raw material powder is 
plasma-sprayed, which is obtained by mixing 5 to 20 vol.% yttria- stabilized 
zirconia powder made into a hollow shape which is obtd. by gas atomization into 
yttria-stabilized zirconia powder which is obtd. by melting and pulverizing. 
Moreover, on a base metal the latter yttria-stabilized zirconia powder is plasma- 
sprayed to have a thickness of 0.05 to 0.1 mm, and thereafter, the former yttria- 
stabilized zirconia powder is plasma-sprayed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The plasma metal spray method of a yttria-stabilized-zirconia thermal- 
spraying coat for the adhesion reinforcement and flexural strength which are 



characterized by carrying out the plasma metal spray of the raw material powder 
which comes to carry out 5-20 volume % mixing of the yttria-stabilized-zirconia 
gas spraying powder of a hollow configuration to yttria-stabilized-zirconia melting 
grinding powder at a base material having been large, and Young's modulus 
having been low moreover, and having excelled in thermal shock resistance. 
[Claim 2] The plasma metal spray method of a yttria-stabilized-zirconia thermal- 
spraying coat the adhesion reinforcement and flexural strength which are 
characterized by carrying out the plasma metal spray of the yttria-stabilized- 
zirconia gas spraying powder of a hollow configuration after carrying out the 
plasma metal spray of the yttria-stabilized-zirconia melting grinding powder to a 
base material at 0.05-0. 1mm thickness were large, and Young's modulus was 
moreover low excellent in thermal shock resistance. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention carries out the plasma metal spray of the 
yttria-stabilized-zirconia (henceforth YSZ) powder to a base material front face, 



adhesion reinforcement and flexural strength are large and Young's modulus is 
related with the plasma metal spray method make the YSZ thermal-spraying coat 
which was low excellent in thermal shock resistance form. 
[0002] 

[Description of the Prior Art] Although YSZ is used for heat insulation and heat- 
resistant coating from the former, the gas spraying powder made into the melting 
grinding powder and hollow configuration of YSZ as a raw material is used 
independently, respectively. Although adhesion reinforcement and flexural 
strength are high when a plasma metal spray is performed only using melting 
grinding powder, only the coat in which Young's modulus is also inferior to 
thermal shock resistance highly is obtained. Although Young's modulus is low 
excellent in thermal shock resistance when a plasma metal spray is performed to 
it only using gas spraying powder, only a coat with low adhesion reinforcement is 
obtained. The Young's modulus of the coat at the time of using by each 
conventional powder independent and performing a plasma metal spray, flexural 
strength, and adhesion reinforcement are shown in the after-mentioned table 1. 
in order to control the property of a coat conventionally ~ melting grinding powder 
and gas spraying powder -- although plasma metal spray conditions, such as a 
plasma gas flow rate and a powder distributed gas flow rate, are adjusted in both 
cases - these approaches -- for example, although Young's modulus falls 10% 
when melting grinding powder is used, it is difficult also for flexural strength or 
adhesion reinforcement to obtain the coat which has the optimal properties, such 
as to fall 10%. 
[0003] 

[Problem(s) to be Solved by the Invention] In view of the above-mentioned 
technical level, adhesion reinforcement and flexural strength of this invention are 
large, moreover its Young's modulus is low and it tends to offer the YSZ plasma 
metal spray method which can form the YSZ thermal-spraying coat which was 
excellent in thermal shock resistance. 
[0004] 



[Means for Solving the Problem] The adhesion reinforcement characterized by 
this invention carrying out the plasma metal spray of the raw material powder 
which comes to carry out 5-20 volume % mixing of the YSZ gas spraying powder 
of a hollow configuration to (1) YSZ melting grinding powder at a base material, 
The plasma metal spray method of a YSZ thermal-spraying coat flexural strength 
was large and Young's modulus was moreover low excellent in thermal shock 
resistance And after carrying out the plasma metal spray of the (2) YSZ melting 
grinding powder to a base material at 0.05 - 0.1mm thickness, (It is hereafter 
called the 1st invention) The adhesion reinforcement and flexural strength which 
are characterized by carrying out the plasma metal spray of the YSZ gas 
spraying powder of a hollow configuration are large, and, moreover, Young's 
modulus is the plasma metal spray method (henceforth the 2nd invention) of a 
YSZ thermal-spraying coat for having excelled in thermal shock resistance low. 
[0005] 

[Embodiment of the Invention] (The 1st invention) As :YSZ melting grinding 
powder, YSZ is fused and what generally ground the thing made to solidify in 
particle size of 10-45 micrometers with grinding equipment is used. What 
generally made melt which fused YSZ the particle size of 10-100 micrometers 
with the gas atomiser as YSZ gas spraying powder of a hollow configuration is 
used. In a plasma metal spray, when only YSZ melting grinding powder is used, 
a precise coat also with the high adhesion between adhesion particles is formed, 
but when only the YSZ gas spraying powder of a hollow configuration is used, 
many clearances are seen between adhesion particles and the coat with high 
thermal shock resistance with which Young's modulus fell is formed. 
[0006] Then, it is what uses as the raw material powder of a plasma metal spray 
what mixed both powder in consideration of the above-mentioned property of 
each powder in the 1st invention. As shown also in Table 1 of the after- 
mentioned example 1 , having made into five to 20 volume % the amount of the 
YSZ gas spraying powder of a hollow configuration mixed by YSZ melting 
grinding powder When the mixing percentage of the YSZ gas spraying powder of 



a hollow configuration is five volume %, it compares only with the conventional 
YSZ melting grinding powder. Although Young's modulus can decrease about 
10%, and flexural strength and adhesion reinforcement hardly fall, and Young's 
modulus can decrease about 20% when mixing percentage is 20 volume %, it is 
because it stops at whether flexural strength and adhesion reinforcement are 
slight and falling about 10%. 

[0007] (The 2nd invention) Plasma metal spray conditions are the same as the 
above in the YSZ gas spraying powder list of YSZ melting grinding powder and a 
hollow configuration. Having set to 0.05-0.1 mm coating thickness of the YSZ 
melting grinding powder by which a plasma metal spray is carried out first is 
based on the following reason. It is because Young's modulus will become high 
and thermal shock resistance will deteriorate, if the coating thickness of YSZ 
melting grinding powder is large, and is because the effectiveness using YSZ 
melting grinding powder will become small if the thickness is small. Moreover, 
generally the thickness formed with YSZ gas spraying powder among the hollow 
configurations by which a plasma metal spray is carried out to the degree is 0.5- 
1mm. 
[0008] 

[Example] The concrete example of this invention and the example of a 
comparison are given hereafter, and effectiveness of this invention is clarified 
further. 

[0009] (Example 1) In this example 1, in order to give thermal shock resistance to 
the plasma metal spray coat excellent in reinforcement and adhesion, raw 
material powder used for YSZ melting grinding powder the powder ingredient of 
which 5-20 volume % mixing was done with the gas spraying powder of YSZ of a 
hollow configuration. Moreover, the gas atomized powder of YSZ of a hollow 
configuration carried out also about the thing outside the above-mentioned range, 
the thing for which only YSZ melting grinding powder was used, and the thing 
only using the YSZ gas spraying powder of a hollow configuration for the 
comparison. 



[0010] The experimental result about the above-mentioned thermal spray 
material is shown in Table 1. The characteristic test was performed about 
Young's modulus, flexural strength, and adhesion reinforcement. Young's 
modulus and the thermal-spraying coat for flexural strength measurement were 
obtained as follows. That is, thickness:0.5mm thermal spraying of the aluminum 
was carried out on the flat surface of steel-for-general-structure (JIS SS400) 
plate:5Wx40Lx5Tmm, thermal spraying of the YSZ was carried out on it, it dipped 
in the NaOH solution after that, the YSZ coat was released off structural steel by 
melting aluminum layer, and each trial (Young's modulus, flexural strength) was 
presented with the coat. Young's modulus and flexural strength were measured 
for the taken-out coat by the three-point bending test method. Performing 
measurement at a room temperature, the crosshead passing speed of a testing 
machine is 0.5 mm/min. An adhesion strength test is JIS. Production of a sample 
and measurement were performed according to H8666. The structural steel 
which has a YSZ coat was pasted up using an epoxy resin as other structural 
steel and adhesives without stripping remaining as it is, i.e., YSZ, and the 
adhesion reinforcement was measured. Performing measurement at a room 
temperature, a speed of testing is 1 mm/min. Making thermal spraying at this 
time into a plasma metal spray, plasma conditions are plasma gas Ar:40l. /, and 
min+H2. : Plasma-arc current [ 131. / min, and ]:630A, plasma-arc electrical- 
potential-difference:79V, spray distance: It could be 120mm. 
[0011] This result is shown in Table 1. As compared with (the example 3 of a 
comparison), Young's modulus can reduce only the conventional YSZ melting 
grinding powder about 10%, and Table 1 shows that most of flexural strength and 
adhesion reinforcement is not falling, when the mixing percentage of the YSZ gas 
spraying powder of a hollow configuration is five volume % (the example 1 of the 
1st invention). Moreover, when the YSZ gas spraying powder of a hollow 
configuration is 20 volume % (the example 2 of the 1st invention), Young's 
modulus can decrease about 20% and it turns out whether flexural strength and 
adhesion reinforcement are slight and that it has stopped at having fallen about 



10%. However, when the mixing percentage of gas spraying powder is under 5 
volume % (example 1 of a comparison), there is almost no decline in Young's 
modulus, and when mixing percentage is more than 20 volume % (example 2 of 
a comparison), it does not serve as a coat which flexural strength and adhesion 
reinforcement fell about 20% or more, was excellent in reinforcement, and was 
excellent also in thermal shock resistance. 
[0012] 
[Table 1] 
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[0013] (Example 2) In this example 2, the plasma metal spray was performed so 
that a plasma metal spray might be carried out to the thickness of 0.05mm using 
YSZ melting grinding powder and all coating thickness might turn into 1mm 
thickness after that in the beginning using the gas spraying powder of YSZ of a 
hollow configuration. 

[0014] The experimental result about the thermal spray material obtained by the 
above-mentioned approach is shown in Table 2. The characteristic test was 
performed about adhesion reinforcement and thermal conductivity. An adhesion 
strength test is JIS. Production of a sample and measurement were performed 



according to H8666. Adhesives are epoxy resins, measurement is performed at a 
room temperature and a speed of testing is 1 mm/min. The thermal-spraying coat 
for a thermal conductimetry trial was formed at the thickness of 1mm on the flat 
surface of steel-for-general-structure (JIS SS400) plate phi10x5Tmm. In order to 
measure the thermal conductivity of only a coat, before carrying out thermal 
spraying of the YSZ, 0.5mm thermal spraying of the aluminum in thickness was 
carried out, by dipping in a NaOH water solution, aluminum layer was melted and 
only the YSZ coat is taken out. About the taken-out coat, it is JIS. Thermal 
conductivity was measured according to R1 61 1 . Making thermal spraying at this 
time into a plasma metal spray, plasma conditions are plasma gas Ar:40l. /, and 
min+H2. : It considered as 131. / min, and plasma-arc current:630A, plasma-arc 
electrical-potential-difference:79V, and the spray distance of 120mm. 
[0015] This result is shown in Table 2. From Table 2, the adhesion reinforcement 
of the coat by this invention is improving compared with the conventional coat 
which used only the YSZ gas spraying powder of a hollow configuration, and 
thermal conductivity shows the same value as the coat in a conventional method. 
[0016] 
[Table 2] 
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[0017] 

[Effect of the Invention] It becomes producible [ the coat which has high adhesion 
reinforcement and was excellent also in adiathermic with this invention ]. Thereby, 
the use life of the device member used by hot environments can be developed 



remarkably. Therefore, it leads to reduction of the restoration cost of a coat, and 
a very big thing has the effectiveness on industry. 
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